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(57) A vehicle-parking assisting system for parking 
a vehicle (50) in a desired parking area, with a compar- 
atively long lateral movement of the vehicle from an in- 
itial position, but with a reduced amount of change of 
the longitudinal direction of the vehicle. The assisting 
system includes a control device operable to (a) calcu- 
late an arcuate path of movement of a first selected por- 
tion 

(A) of the vehicle that is to be taken when the vehicle 
is turned from the parking position with a smallest 
turning radius (R min ), 

(b) calculate a point of tangency (C t ) between the 
calculated arcuate path of movement and a straight 
line passing a second selected portion {B A ) of the 
vehicle when the vehicle is located at the parking 
position, (c) determine a desired path of movement 
of the first selected portion from the initial position 
toward the parking position, which desired path 
passes the point of tangency, and (d) display the 
determined desired path of movement on a display 
device (22). 
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Description 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

[0001] The present invention relates in general to a 
vehicle-parking assisting system, and more particularly 
to a system arranged to assist an operator of a vehicle 
upon parking of the vehicle in a desired parking area, 
by providing audio-visual information such as voice 
messages and displayed images, and effecting auto- 
matic control of a steering system of the vehicle, so that 
the vehicle can be easily guided into the desired parking 
area, even when the parking area is open on only one 
side thereof, for instance, when the parking area is lo- 
cated between two other vehicles already parked with 
a relatively short spacing therebetween. 

2. Description of the Related Art 

[0002] JP-A-64-65412 discloses an example of a 
known method of guiding a vehicle to a desired position. 
In this method, a path of movement of the vehicle from 
a present position to the desired position includes a cir- 
cular arc of a first circle having a radius not smaller than 
the smallest turning radius of the vehicle, and a circular 
arc of a second circle which has a radius not smaller 
than the smallest turning radius and which is tangent to 
the first circle at a point from which the above-indicated 
circular arcs extend toward the present and desired po- 
sitions. This known method permits easy guiding of the 
vehicle to the desired position. 

[0003] Where the known method indicated above is 
practiced when the vehicle is parked into a parking area, 
with a comparatively long movement of the vehicle in its 
lateral direction during a comparatively short movement 
of the vehicle in its longitudinal direction, the longitudinal 
direction of the vehicle may vary by a relatively large 
angle in the horizontal plane. Namely, the longitudinal 
direction of the vehicle may become considerably differ- 
ent from a direction of extension of a straight line_ con- 
necting the present position and the desired parking ar- 
ea (desired position to which the vehicle is guided), dur- 
ing the movement to the desired parking area or posi- 
tion. This difference may make the vehicle operatorfeel 
uneasy. In addition, the known method tends to suffer 
from an insufficient distance of movement of the vehicle 
in the lateral direction, resulting in a large amount of par- 
tial protrusion of the parked vehicle beyond the outer 
edge of the desired parking area, which disturbs pas- 
sage of other vehicles alongside the parked vehicle. 

SUMMARY OF THE INVENTION 

[0004] The present invention was made in view of the 
related art described above. It is therefore an object of 
the present invention to provide a vehicle-parking as- 



sisting system which permits a reduced amount of 
change of the longitudinal direction of the vehicle in the 
horizontal plane, upon parking of a vehicle involving a 
comparatively large distance of movement in its lateral 
5 direction during a comparatively small distance of move- 
ment in its longitudinal direction. 
[0005] A predetermined position is determined by the 
characteristics of turning of the vehicle located at the 
parking position, irrespective of the initial position of the 
io vehicle. The desired path of movement of the first se- 
lected portion of the vehicle from the initial position to- 
ward the parking position is determined such that the 
desired path of movement passes the predetermined 
position at which the steering direction of the steerable 

is wheel of the vehicle is reversed during a movement of 
the vehicle from the initial position to the parking posi- 
tion. The present vehicle-parking assisting system per- 
mits a smaller amount of change of the longitudinal di- 
rection of the vehicle in the horizontal plane, even when 

20 the parking involves a comparatively large distance of 
lateral movement of the vehicle between the initial and 
parking positions, as compared with an assisting system 
wherein the changeover point at which the steering di- 
rection is reversed is determined by the initial position 

25 from which the vehicle is moved for parking. 

[0006] In the present invention , the term "assisting an 
operator of a vehicle upon parking of the vehicle into a 
desired parking area" is interpreted to mean (i) assisting 
the vehicle operator in manipulating the steering wheel 

30 of the vehicle, by providing audio-visual information re- 
garding the desired path of movement of the vehicle to 
the parking position, such as a displayed image of the 
desired path and/or a voice message, or alternatively 
(ii) assisting the vehicle operator by effecting an auto- 

35 matic control of the steering system of the vehicle so 
that the vehicle is moved along the desired path from 
the initial position to the parking position. Further a semi- 
automatic alternative or option (i) and (ii) is an automatic 
support control of the steering system which_ provides 

40 haptic information to the vehicle operator by supporting/ 
obstructing the movement of the steering wheel in the 
correct/incorrect direction such that the vehicle operator 
must then only follow the easier moving direction of the 
wheel. 

45 [0007] The predetermined position indicated above 
may be determined on the basis of the arcuate path of 
movement of the first selected portion of the vehicle that 
is to be taken when the vehicle is moved from the park- 
ing position with the smallest turning radius, and the 

50 straight line which passes the second selected portion 
of the vehicle at the parking position. Alternatively, the 
predetermined position may be determined on the basis 
of a reference position defined relative to the vehicle 
body, which reference position is determined on the ba- 

55 sis of the arcuate path of movement of the first selected 
portion that is to be taken when the vehicle is turned with 
the smallest turning radius, and the straight line passing 
the second selected portion of the vehicle. In this latter 
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case, the reference position which is defined relative to 
the vehicle body and which does not lie on the desired 
path of movement of the first selected portion of the ve- 
hicle is converted into the predetermined position lying 
on the desired path of movement of the first selected 
portion. 

[0008] In the illustrated first and second embodiments 
which will be described in detail, the axially intermediate 
point A of the rear axle connected to the rear wheels RL, 
RR is equivalent to the first selected portion of the ve- 
hicle and a rear axle connected to two rear wheels of 
the vehicle, which are recited in the claims. Further, the 
position of the rear left wheel RL or rear right wheel RR 
is equivalent to the second selected portion of the vehi- 
cle recited in the claims. The point of tangency C1 is 
equivalent to the predetermined position and the 
changeover point which are recited in the claims. 
[0009] In the present invention, the predetermined po- 
sition which serves as the changeover point at which the 
steering direction of the vehicle is reversed is deter- 
mined on the basis of the characteristics of turning of 
the vehicle located at the parking position. The desired 
path of movement of the first selected portion of the ve- 
hicle from the initial position is terminated at the thus 
determined changeover point. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0010] The above and other objects, features, advan- 
tages, and technical and industrial significance of this 
invention will be better understood by reading the fol- 
lowing detailed description of exemplary embodiments 
of the invention, when considered in connection with the 
accompanying drawings, in which: 

Fig. 1 is a block diagram illustrating a vehicle-park- 
ing assisting system constructed according to a first 
embodiment of this invention; 
Fig. 2 is a view for explaining a method of determin- 
ing a path of movement of an automotive vehicle to 
a parking area in the first embodiment; 
Fig. 3 is a flow chart illustrating one example of a 
control routine executed in the first embodiment, to 
control a display device, for displaying the path of 
movement of the vehicle to the parking area; 
Fig. 4 is a flow chart illustrating one example of a 
control routine executed to obtain and store a ref- 
erence point with respect to the vehicle body, ac- 
cording to a second embodiment of the present in- 
vention; and 

Fig. 5 is a flow chart illustrating an example of a con- 
trol routine executed in the second embodiment, to 
control the display device, for displaying the path of 
movement of the vehicle to the parking area. 



DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0011] Referring first to Fig. 1 , there is shown a vehi- 
5 cle-parking assisting system constructed according to 
the first embodiment of this invention, for assisting an 
operator of an automotive vehicle upon parking of the 
vehicle in a desired parking area, which involves a com- 
paratively large distance of lateral movement of the ve- 
10 hide during a comparatively short distance of longitudi- 
nal movement of the vehicle from the present position. 
[0012] The present vehicle-parking assisting system 
apparatus includes an electronic control unit (hereinaf- 
ter abbreviated as "ECU") 10, which controls a display 
15 22 and a sound generating device in the form of a speak- 
er 24. These devices 22, 24 are provided to assist the 
vehicle operator when the vehicle is moved backwards, 
as described below. 

[0013] The present vehicle-parking assisting system 

20 further includes a steering angle sensor 12, a yaw rate 
sensor 14 and a vehicle speed sensor 16, which are 
connected to the ECU 10. The steering angle sensor 12 
generates an output signal representative of a steering 
angle 0 of a steering wheel operable by the vehicle op- 

25 erator. The yaw rate sensor 1 4 generates an output sig- 
nal representative of a angular velocity about the gravity 
center of the vehicle, namely, a yaw rate co of the vehicle. 
The vehicle speed sensor 16 generates a pulse signal 
the period of which represents a running speed SPD of 

30 the vehicle. 

[0014] The output signals of the steering anglesensor 
1 2, yaw rate sensor 1 4 and vehicle speed sensor 1 6 are 
fed to the ECU 10. The ECU 10 calculates the steering 
angle 6 on the basis of the output signal of the steering 

35 angle sensor 12, and calculates the yaw rate co about 
the gravity center of the vehicle on the basis of the output 
signal of the yaw rate sensor 14. The ECU 10 further 
calculates the vehicle running speed SPD of the vehicle 
on the basis of the output signal of the vehicle speed 

40 sensor 1 6. On the basis of the thus calculated steering 
angle 0, yaw rate co and vehicle running speed SPD, the 
ECU 10 estimates an actual turning radius R of the ve- 
hicle. 

[0015] To the ECU 1 0, there is also connected a RE- 
45 VERSE SHIFT switch 1 8, which is placed in its ON state 
when a manually operable shift lever for a transmission 
is placed in a REVERSE position, and is placed in its 
OFF state when the shift lever is placed in any one of 
the other operating positions. On the basis of the output 
50 signal of the REVERSE SHIFT switch 18, the ECU 10 
determines whether the vehicle is being moved back- 
wards. 

[0016] To the ECU 10, there are also connected a 
monitoring camera 20 disposed at a central part of a rear 
55 portion of the vehicle, and the above-indicated display 
device 22 and speaker 24. The display device 22 is dis- 
posed within an operator's compartment of the vehicle. 
The monitoring camera 20 is arranged to take a rear 
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view, which is a view as seen from the vehicle in the 
backward direction. Visual information in the form of im- 
age data representative of the rear view are fed from the 
monitoring camera 20 to the ECU 1 0. When the ECU 1 0 
determines that the vehicle is being moved backwards, 5 
the ECU 1 0 commands the monitoring display 22 to dis- 
play the rear view represented by image data received 
from the monitoring camera 20. 
[0017] The ECU 10 commands the speaker 24 to pro- 
vide audio information in the form of voice messages, 10 
when a desired path of initial backward movement of the 
vehicle determined as described below is superimposed 
on the rear view displayed on a display screen of the 
display device 22, under the control of the ECU 10, dur- 
ing an initial portion of the backward movement of the 15 
vehicle to the desired parking area. 
[001 8] Referring next to Fig. 2, there will be described 
a method of determining the desired path of initial back- 
ward movement of the vehicle 50 toward the desired 
parking area, that is, the desired path along which the 20 
vehicle 50 is initially moved backwards for parking in the 
desired parking area which is open on only one side (on 
the rightside as seen in Fig. 2) and which has a relatively 
short dimension as measured in the longitudinal direc- 
tion of the vehicle 50 as parked therein. In Fig. 2, "50 0 " 25 
denotes the vehicle 50 located at a position (hereinafter 
referred to as "initial position") at which the backward 
movement (turning) of the vehicle 50 for parking is initi- 
ated, while "50-," denotes the vehicle 50 located at a po- 
sition (hereinafter referred to as "parking position") at 30 
which the backward movement of the vehicle 50 for 
parking is terminated or completed. The backward 
movement of the vehicle 50 for parking into the parking 
area located rearwards and leftwards of the vehicle 50 
as shown in Fig. 2 requires initial turning of the steering 35 
wheel in the counterclockwise direction, while the back- 
ward movement of the vehicle 50 for parking into the 
parking area located rearwards and rightwards of the 
vehicle 50 requires initial turning of the steering wheel 
in the clockwise direction. However, the desired paths 40 
of initial backward movements of the vehicle 50 for park- 
ing into rear left or right parking areas can be determined 
in substantially the same manner. In this respect, there 
will be described the method of determining the desired 
path of initial backward movement of the vehicle 50 for 45 
parking into the rear left parking area, by way of exam- 
ple. 

[001 9] In the present embodiment, the vehicle 50 has 
steerable front left and right wheels FL, FR whose steer- 
ing angle can be changed by the steering wheel, and so 
non-steerable rear left and right wheels RL, RR. In Fig. 
2, "A" denotes an axially intermediate point (hereinafter 
referred to as "rear-axle intermediate point") of a rear 
axle operatively connected to the rear wheels RL, RR, 
and "Aq" denotes a position of the rear-axle intermediate 55 
point A of the vehicle 50 0 , that is, when the vehicle 50 
is located at the initial position. Further, "A/ denotes a 
position of the rear-axle intermediate point A of the ve- 



hicle 50 1f that is, when the vehicle 50 is located at the 
parking position, and "B.," denotes a position of one of 
the rear wheels RL, RR at the parking position of the 
vehicle 50, which one rear wheel is located on the side 
corresponding to the side on which the parking area is 
not open. In the specific example of Fig. 2, "B/ denotes 
the position of the rear left wheel RL. 
[0020] In Fig. 2, a path of movement of the rear-axle 
intermediate point A when the vehicle 50 is slowly 
moved forward from the parking position with the max- 
imum angle of steering of the steerable front wheels FL, 
FR in the right direction is indicated by a broken line. 
Namely, this circular arc path originating from the posi- 
tion A-, has the smallest turning radius R min of the vehicle 
50, as also indicated in Fig. 2. A straight line (also indi- 
cated by a broken line) passing the position B 1 of the 
rear left wheel RL at the parking position is tangent to 
the above-indicated arcuate path of movement of the 
rear-axle intermediate point A, at a point C 1 (point of tan- 
gency C,) which is located near the front_ right wheel 
FR at the parking position of the vehicle 50. In this ex- 
ample, the rear wheel RL having the position B 1 is lo- 
cated on the side of the vehicle 50 opposite to the side 
to which the vehicle 50 is turned (rightwards) along the 
above-indicated arcuate path having the radius R mln , 
with the maximum angle of steering of the front wheels 
FL, FR in the right direction. On the other hand, the front 
wheel FR located near the point of_ tangency C1 is lo- 
cated on the side of the vehicle 50 to which the vehicle 
is turned along the above-indicated arcuate path having 
the radius R mln . In the present embodiment, the desired 
path of initial backward movement of the rear-axle inter- 
mediate point A from the position Aq to the position A 1 
is determined to end at the point of tangency C 1 , at 
which the steering direction of the steering wheel (front 
wheels FL, FR) is reversed, that is, changed from the 
clockwise direction to the counterclockwise direction_ 
during the backward movement of the vehicle 50 from 
the initial position to the parking position. The above- 
indicated desired path of initial movement of the rear- 
axle intermediate point A from the position Aq to the 
point of tangency C 1 consists of an arcuate path C r A 0 
of the point A which passes the point of tangency C 1 and 
the position A 0 of the point A at the initiaL position of 
the vehicle 50. The arcuate path Cj -A 0 , which is indicat- 
ed by a solid line in Fig. 2, has a radius R1 larger than 
a radius of an arcuate path (not shown) which is tangent 
to the above-indicated arcuate path having the smallest 
turning radius R mln and which passes the position A 0 of 
the rear-axle intermediate point A at the initial position 
of the vehicle 50. The arcuate path having the radius is 
used in the conventional system, as described before. 
[0021] In the present embodiment, the vehicle 50 is 
guided such that the rear-axle intermediate point A is 
initially moved along the above-indicated arcuate path 
A 0 -C 1 having the relatively large radius R1, until the 
point A has reached the point of tangency C Al that is, 
until the point A has reached a changeover or reversal 
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point at which the steering direction is reversed or 
switched. The relatively large radius R1 is effective to 
reduce the amount of change of the longitudinal direc- 
tion of the vehicle 50 in the horizontal plane in the initial 
portion of the backward movement of the vehicle 50 
from the initial position toward the parking area. Thus, 
the use of the point of tangency C-, as the changeover 
point of the steering direction of the vehicle 50 not only 
reduces the amount of change of the longitudinal direc- 
tion of the vehicle 50 and accordingly the degree in 
which the vehicle operator feels uneasy with the change 
of the longitudinal direction of the vehicle 50, but also 
reduces the distance of partial protrusion of the parked 
vehicle 50 ., beyond the outer edge of the desired parking 
area. 

[0022] The vehicle-parking assisting system accord- 
ing to the present embodiment of the invention is char- 
acterized by the ECU 10 arranged to determine the de- 
sired path of initial backward movement of the vehicle 
50 (more specifically, the rear-axle intermediate point A) 
from the initial position toward the parking position, so 
that the determined desired path of initial backward 
movement is displayed on the display device 22. The 
present embodiment will be further explained. 
[0023] Referring to the flow chart of Fig. 3, there is 
illustrated one example of the control routine executed 
by the ECU 10 to determine the desired path of initial 
backward movement of the vehicle 50 upon parking of 
the vehicle in the desired parking area, and display the 
determined desired path on the display device 22. The 
control routine of Fig. 3 is executed each time a back- 
ward movement of the vehicle 50 for parking is detected. 
The control routine is initiated with step 100. 
[0024] Step 1 00 is formulated to determine the park- 
ing position of the vehicle 50, more precisely, the desired 
position A 1 to which the rear-axle intermediate point A 
is moved when the vehicle 50 is moved backwards for 
parking into the desired parking area, under the opera- 
tor's manipulation of the vehicle. 
[0025] Step 100 is followed by step 102 to calculate 
the above-indicated arcuate path of the rear-axle inter- 
mediate point A which has the smallest vehicle turning 
radius R mln and which is to be taken when the vehicle 
50 is moved forward from the parking position (desired 
position A.,) with the maximum angle of steering of the 
steerable front wheels FL, FR in the right direction. The 
thus calculated arcuate path having the smallest turning 
radius R min is indicated by broken line in Fig. 2. 
[0026] Then, the control flow goes to step 1 04 to cal- 
culate the point of tangency C t at which the straight line 
passing or extending from the position B 1 of the rear left 
wheel RL nearer to the side wall of the parking area is 
tangent to the arcuate path having the smallest turning 
radius R mln , which has been calculated in step 102. 
[0027] Step 1 04 is followed by step 1 06 to calculate 
the above-indicated arcuate path A 0 -C| of the rear-axle 
intermediate point A which passes the point of tangency 
C 1 (calculated in step 104) and which is to be taken 



when the vehicle 50 is turned backwards from the initial 
position toward the parking area, in the initial portion of 
the backward movement of the vehicle 50 for parking in 
the parking area. Described in detail, the arcuate path 

5 A 0 -C 1 which passes the position Aq and the point of tan- 
gency C 1 is obtained as an arc of a circle having a center 
which is located at a point of intersection between a 
straight line of extension (indicated by broken line in Fig. 
2) from the rear axle (having the axially intermediate 

10 point Aq) and a straight line L1 (indicated by broken line) 
which is perpendicular to and devides a straight line con- 
necting the point of tangency C 1 and the position Aq of 
the rear-axle intermediate point A at the initial position 
by half. The arcuate path A 0 -C 1 calculated in step 1 06 

is has the radius R1 , as indicated in Fig. 2. 

[0028] Step 108 is then implemented to display the 
arcuate path A 0 -C 1 on the display device 22, as the de- 
sired path of movement of the rear-axle intermediate 
point A in an initial portion of the backward movement 

20 of the vehicle 50 from the initial position to the parking 
position. After the step 108 is initiated, the vehicle op- 
erator may utilize the visual information given on the dis- 
play device 22, which assists the operator in manipulat- 
ing the steering wheel for guiding the vehicle 50 into the 

25 parking area, along the desired path. The control routine 
of Fig. 3 is terminated with step 108. 
[0029] As described above, the present vehicle-park- 
ing assisting system is arranged to determine the de- 
sired path of backward movement of a selected portion 

30 (rear-axle intermediate point A) of the vehicle 50, which 
path passes a predetermined position (point of tangency 
Ct) which is determined by characteristics of turning 
movement of the vehicle 50 from the parking position, 
more specifically, by the position A 1 of the point A at the 

35 parking position and the arcuate path of turning of the 
vehicle 50 from the parking position with the smallest 
turning radius R mJn . The assisting system is further ar- 
ranged to control the display device 22 to display the 
thus determined desired path of backward movement of 

40 the selected portion of the vehicle 50. Accordingly, the 
vehicle operator observing the displayed desired path 
of backward movement can suitably manipulate the 
steering wheel so that the actual path of backward 
movement follows the desired path. Thus, the present 

45 assisting system effectively assists the vehicle operator 
in performing the steering operation of the vehicle 50 for 
suitably guiding the vehicle into the desired parking ar- 
ea, even where the backward movement of the vehicle 
into the parking area involves a relatively large distance 

so of lateral movement of the vehicle during a relatively 
small distance of longitudinal movement of the vehicle. 
[0030] When the rear-axle intermediate point A has 
been moved with the vehicle 50 along the desired path 
of initial backward movement, to a position near the 

55 point of tangency C 1( the ECU 10 commands the speak- 
er 24 to generate a voice message informing the vehicle 
operator of this fact. When the point A has reached the 
point of tangency C 1 , the ECU 1 0 commands the speak- 
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er 24 to generate another voice message informing the 
operator of this fact, so that the operator may stop the 
vehicle 50 at the point of tangency C 1 , and then turn the 
steering wheel all the way in the reverse direction (in the 
clockwise direction in the example of Fig. 2) : for maxi- 5 
mum angle of steering of the front wheels FL, FR in the 
corresponding direction. In this state the subsequent 
backward movement of the vehicle 50 from the point of 
tangency C A is initiated so that the rear-axle intermedi- 
ate point A is eventually moved to the position Aj at the w 
parking position, along the arcuate path C r A 1 which 
has the smallest turning radius R min . Although the 
present embodiment is arranged to display only the ar- 
cuate path A 0 -C 1 as the desired path of initial backward 
movement of the point A, on the display device 22, as is 
indicated by the solid line in Fig. 2, it will be understood 
that the desired path of the entire backward movement 
of the point A from the position Aq to the position A 1 may 
be displayed, that is, both the arcuate path A 0 -C 1 and 
the arcuate path C 1 -A 1 may be displayed on the display 20 
device 22. 

[0031] In the present embodiment described above, 
the point of tangency is used as the changeover point 
at which the steering direction of the steering wheel (the 
front wheels FL, FR) is reversed during the backward 25 
movement of the vehicle 50 into the parking area. As 
described above, this point of tangency C 1 is located 
near one of the two front wheels FL, FR which is on the 
side corresponding to the direction of turning of the ve- 
hicle 50 from the parking position along the above-indi- 30 
cated arcuate path fl^-C, having the smallest turning 
radius Rmjn . In the specific example of Fig. 2, the point 
of tangency is located near the front right wheel FR 
located on the right side corresponding to the clockwise 
turning of the path A r C 1 . With the point of tangency C t 35 
thus located, the radius R1 of the arcuate path A 0 -C 1 
which passes the position AO of the point A at the initial 
position of the vehicle 50 and the point of tangency 
is larger than the conventional radius R2 of the arcuate 
path which passes the position Ag and which is tangent 40 
to the above-indicated arcuate path A 1 -C 1 which has the 
smallest turning radius R mjn . The radius R1 is consider- 
ably larger than the conventionally used radius R2 
where the distance of movement of the vehicle 50 from 
the initial position (position Aq) to the parking position 45 
(position A^ is relatively large. 

[0032] When the vehicle 50 is turned from the initial 
position to the changeover point (point of tangency C,) 
along an arcuate path having a comparatively large ra- 
dius, a large amount of change of the longitudinal direc- so 
tion of the vehicle 50 can be prevented, that is, the 
amount of change of the longitudinal direction can be 
made relatively small. Accordingly, the present embod- 
iment arranged to display the desired path of initial back- 
ward movement of the vehicle 50 on the display device 55 
22 permits a reduced possibility that the vehicle operator 
feels uneasy with a relatively large amount of change of 
the longitudinal direction of the vehicle 50. Further, the 



present embodiment is effective to prevent a large dis- 
tance of partial protrusion of the vehicle 50 beyond the 
outer side edge of the parking area. Thus, the present 
embodiment enables the vehicle operator to manipulate 
the steering wheel for parking the vehicle 50 in the de- 
sired parking area so that the parked vehicle does not 
disturb smooth passage of the other vehicles, while pre- 
venting the vehicle operator from feeling uneasy with a 
change of the longitudinal direction of the vehicle 50 dur- 
ing the initial portion of its backward movement. 
[0033] The present embodiment, which permits the 
vehicle 50 to be initially moved backwards along an ar- 
cuate path having a comparatively large radius, has a 
further advantage that the friction between the wheels 
and the road surface is made smaller than in the con- 
ventional arrangement using the desired arcuate path 
having a comparatively small radius, with a result of a 
reduced assisting force required to operate the front 
wheels FL, FR and an accordingly improved fuel econ- 
omy of the vehicle 50. 

[0034] There will next be described a second embod- 
iment of the present invention. 

[0035] The first embodiment described above is 
adapted to calculate the arcuate path of the rear-axle 
intermediate point A from the position Aq, which is to be 
taken when the vehicle 50 is turned forward from the 
parking position with the smallest turning radius R min . 
The first embodiment is further adapted to calculate the 
point of tangency C 1 between the calculated arcuate 
path and the straight line passing the position B 1 of the 
rear left wheel RL In the first embodiment, the point of 
tangency is used as the changeover point at which 
the steering direction is reversed. 
[0036] On the other hand, the present second embod- 
iment is adapted to first calculate an arcuate path of 
movement of the rear-axle intermediate point A of the 
vehicle body that is to be taken when the vehicle 50 is 
turned forward with the smallest turning radius. This ar- 
cuate path is calculated when the assisting apparatus 
is initially turned on. The second embodiment is further 
adapted to calculate a point C at which the straight line 
passing a predetermined one of the rear wheels is tan- 
gent to the calculated arcuate path. This point of tan- 
gency C is defined relative to the body of the vehicle, 
and is used as the changeover point at which the steer- 
ing direction is reversed when the vehicle is turned back- 
wards into the parking area. Namely, the point of tan- 
gency C located within the vehicle body when the vehi- 
cle 50 is at the parking position is set as the changeover 
point. The present second embodiment eliminates a 
need of calculating the arcuate path of the point A and 
the point of tangency which are located within the 
parking area, each time the vehicle 50 is moved back- 
wards into the parking area. Accordingly, the present 
second embodiment makes it possible to reduce the 
load of the ECU 10 to determine the changeover point 
of the steering direction upon backward movements of 
the vehicle 50 into the parking area. Further, the time 
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required to determine the changeover point can be re- 
duced in the present embodiment. 
[0037] Referring to Figs. 4 and 5, the second embod- 
iment will be described in detail. 

[0038] The flow chart of Fig. 4 illustrates a control rou- s 
tine executed by the ECU 1 0 to determine and store the 
point of tangency C, when initial setting of the vehicle- 
parking assisting apparatus is effected. This control rou- 
tine of Fig. 4 is initiated with step 120. 
[0039] Step 120 is formulated to determine the arcu- 
ate path of the rear-axle intermediate point A that is to 
be taken when the vehicle 50 is turned forward with the 
maximum steering angle of the front wheels FL, FR. 
[0040] Step 120 is followed by step 122 to calculate 
the point of tangency C at which the straight line passing 
or extending from the position B of one of the rear 
wheels RL, RR is tangent to the arcuate path having the 
smallest turning radius R min , which has been calculated 
in step 120. The rear wheel RL having the position B is 
located on the side of the vehicle 50 opposite to the side 
to which the vehicle 50 is turned along the above-indi- 
cated arcuate path having the radius R mini with the max- 
imum angle of steering of the front wheels FL, FR. 
[0041] Then, step 124 is implemented to store the 
point of tangency C (calculated in step 1 22) which is de- 
fined relative to the vehicle body. 

[0042] In the second embodiment, the point of tan- 
gency C stored in the ECU 10 upon initial setting of the 
assisting apparatus is located within the vehicle body 
and is used as a reference point set on the vehicle body. 
This reference point or tangency point C is used as the 
changeover point C 1 of the steering direction when the 
vehicle 50 is moved backwards into the parking area. 
[0043] Referring next to the flow chart of Fig. 5, there 
is shown an example of the control routine which is ex- 
ecuted by the ECU 10 to determine the desired path of 
initial backward movement of the vehicle 50 from the 
initial position toward the parking position, and display 
the determined desired path on the display device 22. 
In Fig. 5, the same reference numerals as used in Fig. 
3 are used to identify the same steps. In the control rou- 
tine of Fig. 5, the first step 1 00 for determining the park- 
ing position is followed by step 140. 
[0044] Step 140 is formulated to calculate a desired 
path of initial backward movement of the rear-axle inter- 
mediate point A when the vehicle 50 is initially moved 
backwards from the initial position toward the deter- 
mined parking position. As in the first embodiment, this 
desired path of initial backward movement ends with the 
changeover point of the steering direction, which 
point C-, is obtained on the basis of the point of tangency 
C stored in the memory. After step 140 is implemented 
to calculate the desired path of initial backward move- 
ment, step 108 is implemented or executed to display 
the calculated desired path of initial backward move- 
ment on the display device 22. 

[0045] Like the first embodiment, the second embod- 
iment is arranged to determine the desired path of initial 



backward movement of the selected portion of the ve- 
hicle body, such that the desired path passes a prede- 
termined position (changeover point obtained from 
the stored point of tangency C) which is determined by 
the turning characteristics of the vehicle 50 at the park- 
ing position. The thus determined desired path of initial 
backward movement is displayed on the display device 
22, for assisting the vehicle operator to suitably guide 
the vehicle 50 into the desired parking area, as in the 
first embodiment. 

[0046] The second embodiment is characterized in 
that the ECU 10 operates, before initiation of backward 
movement of the vehicle 50 for parking in the parking 
area, to obtain the point of tangency C between the ar- 
cuate path to be taken by the rear-axle intermediate 
point A when the vehicle 50 is moved forwards with the 
smallest turning radius, and the straight line which pass- 
es one of the rear wheels. This point of tangency C de- 
fined relative to the vehicle body is used to determine 
the changeover point C 1 located within the parking area, 
when the vehicle 50 is actually moved backward into the 
parking area. Accordingly, the present second embodi- 
ment does not require to calculate the above-indicated 
arcuate path having the smallest turning radius and the 
point of tangency C, each time the vehicle 50 is moved 
backwards for parking in the parking area, so that the 
load of the ECU 1 0 to calculate the changeover point C-, 
is reduced, with a result of reducing the time required to 
calculate the changeover point. 

[0047] While the first and second embodiments which 
have been described are applied to the automotive ve- 
hicle 50 having the steerable front wheels FL, FR and 
the non-steerable rear wheels RL, RR, the principle of 
the present invention is equally applicable to an auto- 
motive vehicle having non-steerable front wheels FL, 
FR and steerable rear wheels RL, RR, and an automo- 
tive vehicle having four steerable wheels FL, FR, RL, 
RR. 

[0048] The illustrated first and second embodiments 
are arranged display the calculated desired path of 
movement of the vehicle on the display device 22, for 
the purpose of assisting the vehicle operator in suitably 
manipulating the steering wheel so as to guide the ve- 
hicle into the desired parking area. However, the desired 
path of movement may be used to automatically control 
the steering system so as to guide the vehicle into the 
parking area, without the vehicle operator's manipula- 
tion of the steering wheel, or a haptic information by ad- 
equately supporting the turning of the steering wheel 
may be provided to the vehicle operator. In this case, 
too, the apparatus is considered to assist the vehicle op- 
erator in guiding the vehicle from the initial position to 
the parking position. 

[0049] A vehicle-parking assisting system for parking 
a vehicle (50) in a desired parking area, with a compar- 
atively long lateral movement of the vehicle from an in- 
itial position, but with a reduced amount of change of 
the longitudinal direction of the vehicle. The assisting 
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system includes a control device operable to (a) calcu- 
late an arcuate path of movement of a first selected por- 
tion (A) of the vehicle that is to be taken when the vehicle 
is turned from the parking position with a smallest turn- 
ing radius (R mjn ), (b) calculate a point of tangency (C^ 
between the calculated arcuate path of movement and 
a straight line passing a second selected portion (B,) of 
the vehicle when the vehicle is located at the parking 
position, (c) determine a desired path of movement of 
the first selected portion from the initial position toward 
the parking position, which desired path passes the 
point of tangency, and (d) display the determined de- 
sired path of movement on a display device (22). 



Claims 

1 . A vehicle-parking assisting system for assisting an 
operator of a vehicle (50) upon parking of the vehi- 
cle in a desired parking area by a movement of the 
vehicle from an initial position, characterized by 
comprising: 

movement-path determining means (10, 106, 
140) operable to determine a desired path of 
movement of a first selected portion (A) of said 
vehicle from said initial position A 0 toward said 
desired parking area, such that said desired 
path of movement passes a predetermined po- 
sition (C^ which is determined by characteris- 
tics of turning of said vehicle located at a park- 
ing position, and at which a steering direction 
of a steerable wheel (FL, FR) of the vehicle is 
reversed during a movement of said vehicle 
from said initial position to said parking posi- 
tion. 

2. A vehicle-parking assisting system according to 
claim 1, further comprising: 

arcuate-path calculating means (10, 102) oper- 
able upon detection of a requirement for park- 
ing of the vehicle in said desired parking area, 
to calculate an arcuate path of movement 
(A 1 -C 1 ) of said first selected portion (A) of the 
vehicle that is to be taken when the vehicle (50) 
is turned from said parking position with a 
smallest radius (R^) of turning of the vehicle; 
and 

tangency-point calculating means (10, 104) op- 
erable upon detection of said requirement, to 
calculate as said predetermined position of a 
point of tangency (C.,) between said arcuate 
path of movement (A 1 -C 1 ) of said first selected 
portion calculated by said arcuate-path calcu- 
lating means and a straight line which passes 
a second selected portion (B1 ) of the vehicle, 
and wherein said movement-path determining 
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means (10, 106) determines said desired path 
of movement (Aq-C^ of said first selected por- 
tion (A) such that said desired path of move- 
ment passes said point of tangency (C,,) as a 
changeover point at which said steering direc- 
tion is reversed during said movement of the 
vehicle from said initial position to said parking 
position. 

A vehicle-parking assisting system according to 
claim 1 , further comprising: 

arcuate-path calculating means (1 0, 1 20) oper- 
able upon initial setting of the vehicle-parking 
assisting system, to calculate an arcuate path 
of movement (A 1 -C 1 ) of said first selected por- 
tion (A) of the vehicle that is to be taken when 
the vehicle (50) is turned with a smallest radius 
( R min) of turning of the vehicle; and 
tangency-point calculating means (10, 122) op- 
erable upon said initial setting, to calculate a 
point of tangency (C) between said arcuate 
path of movement (A 1 -C 1 ) of said first selected 
portion calculated by said arcuate-path calcu- 
lating means and a straight line which passes 
a second selected portion (B) of the vehicle, 
such that said point of tangency is defined rel- 
ative to said body of the vehicle, 
and wherein said movement-path determining 
means (10, 140) is operable upon detection of 
a requirement for parking of the vehicle in said 
desired parking area, and on the basis of said 
point of tangency (C) calculated by said tangen- 
cy-point calculating device, to obtain a change- 
over point (C) at which said steering direction 
is reversed on said path of movement of the ve- 
hicle from said initial position to said parking po- 
sition, said movement-path determining means 
determining said desired path of movement of 
said first selected portion (A) such that said de- 
sired path of movement passes said changeo- 
ver point. 

A vehicle-parking assisting system according to 
claim 2 or 3, wherein said first selected portion of 
the vehicle is an axially intermediate point (A) of an 
axle connected to two wheels (RL, RR) of the vehi- 
cle, and said second selected portion is a position 
(B, B A ) of one of said two wheels. 

A vehicle-parking assisting system according to 
claim 4, wherein said axle is a rear axle connected 
to two rear wheels (RL, RR) of the vehicle, and said 
one of said two rear wheels is located on one side 
of the vehicle which is opposite to the other side 
which corresponds to a steering direction of front 
wheels (FL, FR) of the vehicle for turning of the ve- 
hicle with said smallest radius to obtain said arcuate 
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path of movement of said first selected portion (A). 

6. A vehicle-parking assisting system according to 
claim 1, wherein said movement-path determining 
means (10, 106 : 140) is operable to determine, as 5 
said desired path of initial movement of said first se- 
lected portion (A) of the vehicle from said initial po- 
sition to said predetermined position (C-,). a circular 
arc passing said initial position (Aq) and said prede- 
termined position (C^), on the basis of a positional io 
relationship between said initial position and said 
predetermined position. 

7. A vehicle-parking assisting system according to 
claim 1 , further comprising: 15 

image obtaining means (20) disposed on a rear 
portion of the vehicle (50) and operable to ob- 
tain image data representative of a rear view 
taken from the vehicle in a backward direction; 20 
and 

display means (22) operable to display said 
rear view and said desired path of movement 
of said first selected portion of the vehicle de- 
termined by said movement-path determining 25 
means, such that said desired path of move- 
ment is superimposed on said rear view. 

8. A vehicle-parking assisting system according to 
claim 1 , further comprising sound generating 30 
means (24) operable when said first selected por- 
tion (A) of the vehicle (50) has moved to a position 
near said predetermined position during the move- 
ment of the vehicle from said initial position toward 
said parking position , said sound generating means 35 
generating an audible output for informing an oper- 
ator of the vehicle that said first selected portion has 
moved to said position near said predetermined po- 
sition. 
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the longitudinal direction of the vehicle. The assisting 
system includes a control device operable to (a) calcu- 
late an arcuate path of movement of a first selected por- 
tion 

(A) of the vehicle that is to be taken when the vehicle 
is turned from the parking position with a smallest 
turning radius (R m j n ), 

(b) calculate a point of tangency (C^ between the 
calculated arcuate path of movement and a straight 
line passing a second selected portion (B n ) of the 
vehicle when the vehicle is located at the parking 
position, (c) determine a desired path of movement 
of the first selected portion from the initial position 
toward the parking position, which desired path 
passes the point of tangency, and (d) display the 
determined desired path of movement on a display 
device (22). 
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